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(£) Communication protocol for a mobile communication system. 


© A communication protocol for use in mobile net- 
work such as a TETRA or GSM network is proposed. 
The protocol more particularly is concerned with the 
signalling associated to half-duplex communications 
wherein a mobile terminal (A, B) communicates with 
a base station (BS) in one direction only by using a 
plurality of time slots per communication frame 
(USF.1/17, DSF1/17) of either a downlink (DL) or 
uplink (UL) channel. 

The protocol associates to these communica- 


tions a full-duplex signalling channel by allocating a 
single signalling time slot of both uplink and down- 
link signalling frames thereto. In this way an hitherto 
unnoticed drawback of known protocols is avoided, 
namely the wasting of bandwidth through allocation 
of multiple signalling time slots as well as the am- 
biguity of the network terminals as to which of these 
time slots is to be used by them or will be used by 
their communication partners. 
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The present invention relates to a communica- 
tion protocol tor establishing communications be- 
tween a first terminal and at least one second 
terminal and including the following steps: 

- providing an uplink channel and a downlink 5 
channel for communication from and towards 
said first terminal respectively; 

- providing on each of said channels periodi- 
cally reoccurring communication frames of 
communication time slots and signalling no 
frames of signalling time slots; and, 

- allocating to said second terminal and on 
either of said uplink and said downlink chan- 
nels a plurality of said communication time 
slots per said communication frame and in 75 
predetermined positions thereof. 

Such a communication protocol for commu- 
nication between a base station (the first terminal) 
and at least one mobile terminal (the second termi- 
nal) is already known in the art and is proposed for 20 
the future Trans-European Trunked RAdio or 
TETRA network currently under standardization by 
the European Telecommunications Standardization 
Institute ETSI. 

During the allocated communication time slots 25 
the mobile terminal is thus able to perform a so 
called half-duplex communication, i.e. a commu- 
nication in one direction on either the uplink or the 
downlink channel. This is in contrast with full-du- 
plex communications when the mobile terminal 30 
performs both uplink and downlink communications 
on both the above channels and is particularly 
advantageous for data transfers from or to the 
mobile terminal, e.g. to upload or download the 
memory of a computer of this mobile terminal 35 
since then communication in only one direction is 
needed. 

The above half-duplex communications, in us- 
ing more than one time slot per communication 
frame, are further also advantageous compared to ao 
the full-duplex communications since their transfer 
rate may be higher than with the latter type of 
communication. Indeed, with full-duplex commu- 
nication only one time slot per communication 
frame may be used in mobile networks of the 45 
TETRA or GSM type in order to allow sufficient 
separation between transmit and receive bursts of 
each of the mobile terminal. 

According to the above known protocol these 
half-duplex communications should nevertheless be so 
provided with a full-duplex signalling channel, sig- 
nalling time slots on both the downlink and uplink 
channels should be allocated thereto. It is thought 
that all problems associated to this allocation are 
solved by allocating half a signalling time slot to 55 
each half-duplex communication since in so doing, 
even with more half-duplex communications than 
communication and signalling time slots per frame, 


each of them may then be associated to a distinct 
half signalling time slot. 

The present invention is based on the insight 
that irrespective of the latter solution problems may 
still arise with the allocation of full-duplex signalling 
channels to the half-duplex communications. In- 
deed, it is a well established practice when using 
communication time slots in predetermined posi- 
tions in the communication frames to also use the 
(half) signalling time slots having the same pre- 
determined positions in the signalling frames as a 
full-duplex signalling channel. Following the above 
practice for half-duplex communications using mul- 
tiple predetermined time slot positions, a plurality 
of (half) signalling time slots is used per signalling 
frame. This is undesirable since a single one (half) 
signalling time slot suffices, the other(s) constitut- 
ing an excess in the signalling bandwidth which is 
then wasted and blocked from use for other pur- 
poses. Also, in allocating more than one signalling 
time slot ambiguity exists for the terminals as to 
which of the (half) signalling time slots needs to be 
used by them to receive or transmit data which 
leads to the terminals possibly operating in vain. 

An object of the present invention therefore is 
to provide a communication protocol of the above 
type but which does not waste signalling bandwidth 
and which takes away the above mentioned am- 
biguity. 

The latter object is achieved thanks to the fact 
that it also includes the step of allocating to said 
second terminal and on each of said uplink and 
downlink channels at least part of a single one of 
said signalling time slots per said signalling frame. 

By allocating the above single one of the possi- 
ble (half) signalling time slots the signalling band- 
width used is restricted to a minimum and the 
ambiguity with respect to the time slot actually 
used for signalling no longer persists. 

A characteristic feature of the present invention 
is that said communication and signalling frames 
contain an equal number of time slots and that said 
single signalling time slot occupies in each of said 
signalling frames a position corresponding to one 
of said predetermined positions. 

In this way the above selection is made among 
those (half) signalling time slots which according to 
the mentioned well established practice are already 
associated to the half-duplex communication. In so 
doing this selection is aligned with the allocation of 
signalling time slots to full-duplex communications 
making it less burdensome to implement the 
present protocol. 

A further characteristic feature of the invention 
is that it also includes the step of providing on 
each of said channels like time division multiple 
access structures arranged in periodically recurrent 
multiframes subdivided in at least a said signalling 
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frame and a said communication frame as well as 
the step of delaying said time division multiple 
access structure on a first of said channels with 
respect to said time division multiple access struc- 
ture on a second of said channels over a fixed 
number of said time slots, said single time slot 
occupying the first/last of said predetermined posi- 
tions when said communication frames are allo- 
cated on said first/last channel respectively. 

By delaying the two time division multiple ac- 
cess structures the mentioned separation between 
the transmit and receive bursts in the mobile termi- 
nal is provided for. This separation, used in mobile 
radio- networks such as TETRA and GSM, allows to 
simplify the mobije terminal, as is well known in the 
art. 

With such a communication protocol not every 
(half) signalling time slot may be used for signalling 
associated to a half-duplex communication without 
violating the above delay between transmit and 
receive bursts of the second terminal. It can be 
verified that the above feature in fact forms the 
only non-violating solution if the above described 
practice in allocating (half) signalling time slots is to 
be followed. 

An important feature of the present invention is 
that said structures are delayed over two time 
slots. 

With such a delay, for instance used in the 
TETRA mobile network, it can be verified that the 
above choice of (half) signalling time slot is the 
only one possible without violating the above delay 
between transmit and receive bursts in the mobile 
terminal. This is extremely important since the 
above waste and ambiguity in allocating the (half) 
signalling time slots pertains to such time slots in 
which communication normally should not take 
place. Not using the above protocol would then 
considerably complicate the second terminal whilst 
still providing the above mentioned drawbacks as- 
sociated with the known protocol. 

It is finally noted that the present invention also 
relates to a mobile terminal and a base station 
communicating according to a communication pro- 
tocol of the above type. 

The above mentioned and other objects and 
features of the invention will become more appar- 
ent and the invention itself will be best understood 
by referring to the following description of an em- 
bodiment taken in conjunction with the accompany- 
ing drawing showing a mobile communication sys- 
tem using a communication protocol in accordance 
with the present invention and schematically shown 
in insets DL and UL of the drawing. 

The communication system shown operates 
according to the specifications of the Trans-Eu- 
ropean Trunked RAdio or TETRA network primarily 
intended for communications to and from transport 


vehicles. In this TETRA network communication 
takes place between a base station BS and one of 
a plurality of mobile terminals such as A and B 
over a radio link RL and by making use of a 
5 particular communication protocol. The mobile ter- 
minals A and B are vehicle mounted and for in- 
stance allow a dispatching service to be installed 
between a service center and these vehicles via 
base station BS and radio link RL. 
io It is to be noted that all components of this 

TETRA network, i.e. the base station BS, the mo- 
bile terminals A and B and associated control de- 
vices, may be designed by a person skilled in the 
art using known mobile radio principles. Thus in 
75 the following only ,the specific novel communication 
protocol used on the radio link RL and indicated by 
references DL and UL is described in further detail 
hereinbelow. 

This communication protocol involves the use 
20 of two linked frequency channels, i.e. a downlink 
channel DL operating at a downlink carrier fre- 
quency for communication from the base station 
BS to mobile terminals A and B and an uplink 
channel UL operating at an uplink carrier frequency 
25 and used for communication from the mobile termi- 
nals A and B to the base station BS. On each of 
these channels, DL and UL, a like time division 
multiple access or TDMA structure consisting of 
periodically recurrent multiframes, DMFR and 
30 UMFR, is used. These multiframes, DMFR and 
UMFR, are each subdivided in 17 communication 
frames, DCF1/17 and UCF1/17 respectively, and 
one signalling frame, DSF and USF respectively. 
Each of these frames contains 4 time slots each 
35 having an identity defined by the communication 
frame or the signalling frame to which it belongs 
and by its position or sequence number therein, as 
indicated in the figure. 

As also represented in the drawing these like 
40 TDMA structures are mutually delayed over half a 
frame or in this case over two time slots. This 
means that each time slot on the downlink channel 
DL has a corresponding time slot on the uplink 
channel UL delayed in time over exactly two time 
45 slot positions. This is true for both signalling and 
communication time slots. By allocating to a full- 
duplex communication between one of the mobile 
terminals A, B and the base station BS correspond- 
ing time slots on both the uplink and downlink 
50 channels, UL and DL respectively, the occurrence 
of simultaneous transmit and receive bursts of each 
of the terminals is avoided if in each channel only 
one time slot per communication frame is so al- 
located. In the present case in tact a separation of 
55 one time slot between transmit and receive bursts 
is achieved. 

The drawing shows 2 specific examples of time 
slot allocation in case of half-duplex communica- 
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tions, i.e. where each of the mobile terminals A and 
B use communication time slots for communication 
in one direction only on either the downlink DL or 
the uplink UL channel. As a consequence, the 
mobile terminals A and B may use a plurality of 
time slots per communication frame as this cannot 
give rise to simultaneous transmit and receive 
bursts in one of these terminals. As an example, 
the communication involving mobile terminal A 
uses two communication time slots, with sequence 
numbers 2 and 4, per communication frame on the 
downlink channel DL, for instance for a fast upload 
via the base station BS of a vehicle computer 
memory associated to the mobile terminal A 
whereas mobile terminal B uses ail communication 
time slots, i.e. with the sequence numbers 1 to 4, 
of the communication frames on the uplink channel 
UL, e.g. for a fast download of such a vehicle 
computer memory. 

To allow full-duplex signalling for each of the 
terminals A and B, the communication protocol 
allocates to that terminal a signalling time slot of 
both the downlink and uplink signalling frames, 
DSF and USF respectively, without violating the 
separation of one time slot between transmit and 
receive bursts of the mobile terminal. More particu- 
larly, this protocol allocates to terminal A and in 
each of the signalling frames DSF and USF a 
signalling time slot having the same sequence 
number as that of the first communication time slot 
for that terminal, i.e. the signalling time slot having 
sequence number 2, whereas it allocates to termi- 
nal B and also in DSF as well as USF a signalling 
time slot having the same sequence number as the 
last communication time slot for that terminal, i.e. 
the signalling time slot with sequence number 4. 

In general it can be said that the present pro- 
tocol allocates to a half-duplex communication the 
signalling time slots in frames DSF and USF on the 
first or the last of the positions used thereby in the 
communication frames when this communication 
takes place on the downlink DL or the uplink UL 
channel respectively. 

In the above way, the communication protocol 
avoids allocation of multiple signalling time slots to 
a same half-duplex communication as this would 
result in bandwidth waste and conflict with the 
delay requirement between transmit and receive 
bursts of each of the mobile terminals A and B, the 
bandwidth saved by allocating a single signalling 
time slot only so becoming available for other 
purposes, e.g. broadcast signalling. 

It is however to be noted that problems remain 
when more than 4 such half-duplex communica- 
tions are allocated to the downlink and uplink chan- 
nels DL and UL. Indeed, in such a case there are 
not enough full-duplex signalling channels available 
for all communications, some of the communica- 


tions contending for the use of a same time slot 
according to the above general concept of the 
communication protocol. Such a problem can how- 
ever be solved irrespective of the above novel 

5 aspect of the present protocol for instance by di- 
viding each time slot in two half signalling time 
slots and by allocating a full duplex signalling chan- 
nel consisting of such half time slots only to each 
half-duplex communication, e.g. a first or second 

70 half of a signalling time slot if the communication is 
performed via the downlink DL or uplink UL fre- 
quency channels respectively. Another solution is 
to allow the collision in a signalling time slot and 
performing an ALOHA-like access protocol therefor. 

75 It is to be finally noted that the mobile termi- 

nals A and B as well as the base station BS may 
be adapted in a straightforward manner to imple- 
ment the above communication protocol, e.g. by 
suitably programming their processors (not shown) 

20 to transmit and receive signalling information in the 
above allocated (half) signalling time slots. 

While the principles of the invention have been 
described above in connection with specific ap- 
paratus, it is to be clearly understood that this 

25 description is made only by way of example and 
not as a limitation on the scope of the invention. 

Claims 

30 1. Communication protocol for establishing com- 
munications between a first terminal (BS) and 
at least one second terminal (A, B) and includ- 
ing the following steps: 

- providing an uplink channel (UL) and a 
35 downlink channel (DL) for communication 

from and towards said first terminal re- 
spectively; 

- providing on each of said channels pe- 
riodically reoccurri ng comm unicati on 

40 frames (DCF1/17, UCF1/17) of commu- 

nication time slots and signalling frames 
(DSF, USF) of signalling time slots; and, 

- allocating to said second terminal (A, B) 
and on either of said uplink and said 

45 downlink channels a plurality of said 

communication time slots per said com- 
munication frame and in predetermined 
positions thereof; 
characterized in that it atso includes the step of 
50 allocating to said second terminal (A, B) and 

on each of said uplink (UL) and downlink (DL) 
channels at least part of a single one of said 
signalling time slots per said signalling frame. 

55 2. Communication protocol according to claim 1, 
characterized in that said communication 
(DCF1/17, UCF1/17) and signalling (USF, DSF) 
frames contain an equal number of time slots 
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and that said single signalling time slot oc- 
cupies in each of said signalling frames a 
position corresponding to one of said predeter- 
mined positions. 


5 


3. Communication protocol according to claim 2, 
characterized in that it also includes the step of 
providing on each of said channels (DL, UL) 
like time division multiple access structures 
arranged in periodically recurrent multi-frames io 
(DMFR, UMFR) subdivided in at least a said 
signalling frame (DSF, USF) and a said com- 
munication frame (DCF1/17, UCF1/17), as well 

as the step of delaying said time division mul- 
tiple access structure on a first of said chap- 75 
nels (UL) with respect to said 'time division 
multiple access structure on a second of said 
channels (DL) over a fixed number of said time 
slots, said single time slot occupying the 
first/last of said predetermined positions when 20 
said communication frames are allocated on 
said first/last channel respectively. 

4. Communication protocol according to claim 3, 
characterized in that said structures are de- 25 
layed over two time slots. 

5. Base station (BS) for communicating with at 
least one mobile terminal (A, B) according to a 
communication protocol as per any of the pre- 30 
vious claims and including processor means 

for selecting said single time slot per signalling 
frame (DSF, USF) in said downlink/uplink chan- 
nel (DL, UL) to transmit/receive signalling data 
to/from said corresponding mobile terminal. 35 

6. Mobile terminal (A, B) for communicating with 
a base station (BS) according to a communica- 
tion protocol as per any of the claims 1 to 4, 

and including processor means for selecting aq 
said single time slot per signalling frame (DSF, 
USF) in said downlink/uplink channel (DL, UL) 
to receive/transmit signalling data from/to said 
base station. 


50 


55 
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